The article analyzes the relationship between the skills of joint attention and social and cognitive development of the child. It is devoted to the problem of identifying markers of oculomotor activity, which allows us to identify patterns that can reliably predict the development of joint attention deficit in various forms of atypical development. By tracking eye movements in a sample of 90 preschoolers with typical development, mental retardation, delayed speech development, visual impairment, hearing impairment, the following potential mechanisms underlying the atypical joint attention were found: atypical gaze following, impaired integration of joint attention, decreased recognition of the orienting value. More than that, the author states that the conducted analysis of contrasting clinical groups made it possible to identify the primary psychological causes of joint attention deficit, as well as universal and specific symptoms of joint attention disorders for different clinical groups.
Introduction
In modern science, the study of the development of "social-cognitive functions," reflecting aspects of how a person processes information in a social context, builds causal relationships regarding their own behavior and the behavior of other people, and also assigns social rules, is becoming increasingly relevant.
Such social and cognitive phenomenon is joint attention or shared attention, reflecting the facts of how, in the process of social cognition, the joint processing of information about their attention and the attention of other participants in joint activities occur. Initially, joint attention is understood as the process of gaze following [11] , which is provided by automated processes for tracking the direction of the gaze [19] . In short, joint attention is manifested in a person's ability to use the direction of his/her gaze or to point out the focus of attention to other participants in communication. It is achieved by tracking the direction of the gaze of one subject by another, indicating the object and other verbal and non-verbal methods of identifying the object. Besides, the individual must be aware that the focus is shared between him/herself and another person [3; 13] . The main fundamental manifestations of joint attention are distinguished: in fact, maintaining eye contact and shifting the gaze between the direction of the gaze of the social partner and any object.
The question of a comparative analysis of the pattern of atypical joint attention on a sample of children with different forms of developmental disabilities remains poorly understood. Comparison data for children with different forms of atypical development can contribute to a deeper understanding of individual differences, as well as phylogenetic differences in joint attention and social cognition.
At the present stage, the problem of perception of gaze and joint attention in clinical groups of the population is actively raised. Clinical observations have shown that it is the understanding of other people that is not available for a number of nosological groups [10; 3; 12] . Specific impaired attention orientations in response to gaze were observed in people with autism [14] , ADHD [15] , schizophrenia [6] , and hearing impairment [16; 9] . In some cases, it has been found that social attention predicts language abilities and social competency. [7; 16] . At the present stage, we can state that the lack of joint attention is often associated with the overall level of development of the child.
Currently, the use of eye-tracking in children as a potential diagnostic tool in the study of joint attention is gaining popularity [14; 2; 10; 8] .
In experiments devoted to joint attention, the idea is actively used that an adult can direct the child's attention to a specific object using the direction of view. In other words, the direction of view can be used to determine the focus of the attention of another person under various conditions. For example, S. Tipper used the gaze-cueing paradigm to study mechanisms of joint attention. [11] . His concept emphasizes tracing the line of sight of one person to another, as the main condition for joint attention.
The development of eye movement registration technologies has opened up new possibilities for the study of joint attention using dynamic social scenes that are closer to real life. [14] . Episodes of joint attention can be studied using paradigms for recording eye movement, and this kind of assessment can provide a new understanding of the atypical development of joint attention in the very early stages of ontogenesis. The methods for recording eye movement will help identify behavioral markers and improve the understanding of pathological symptoms.
The method of recording eye movement was used to assess the relationship of joint attention with the pace of development of the child, including language acquisition [10] , the formation of the child's affection for the mother [10] , facial recognition by infants [18] and the motor development of the child [2] . Various stimuli were used in studies to study joint attention using the eye movement detection method: the elements of biological movement (forms representing a walking person, compared with the same figures in random positions [14] ); and social scenes (paradigms of visual preferences [17] or the paradigm of reaction to social scenes [14; 4] ).
The state of the eye-tracking technology allows us to show this feedback in real-time. To date, impairment of joint attention in autism has mainly been studied in samples of infants in natural and semistructured social interactions [7; 16] . However, surveillance paradigms often lack sensitivity to joint attention problems that may affect older children.
The technology of tracking the movement of the gaze will allow (1) to analyze the difficulties of establishing episodes of joint attention, which can be especially important in studies of children's education [9] ; (2) to provide information on factors of adjustment by exchange of gaze during the learning process; explore collaborative visual search track interactive processes in a group of children [1; 20; 9] .
Thus, the main goal is to conduct a comparative analysis of the pattern of atypical joint attention on a sample of children with different forms of developmental abnormalities by eye movement tracking. The task was to highlight the manifestations of a deficit in joint attention that impedes the involvement of a child with an adult in dyadic interactions.
Materials and Methods
Empirical study sample. The sample consisted of preschoolers 5-7 years old (average age 6 years 2 months) of different nosological groups, such as typically developing preschoolers (n = 20), preschoolers with mental retardation (class F83 according to ICD-10) (n=20), preschoolers with delayed speech development (class R47 according to ICD-10) (n=20), preschool children with hearing impairment (sensorineural hearing loss, class H90 according to ICD-10) (n=10); preschool children with visual impairment (with amblyopia and strabismus, class H53 according to ICD-10) (n=20). All children have an official diagnosis based on the results of the territorial medical-psychological-pedagogical commission.
Research methods and procedure. The study procedure included 2 series of experiment. In front of the child, on the table, 2 different objects (toys) were located, after which he/she was offered a game in which the child, observing the direction of the adult experimenter's gaze, had to guess which object he/she would choose. The main task was to follow the direction of the adult's gaze and point to the subject on which it stopped. Five repetitions of this task were proposed, where the experimenter changed the direction of gaze, each time pointing to different objects. The number of error-free responses of the child was recorded. In the second series, the preschooler and the adult experimenter changed roles, i.e., the child needed to look at any subject with his/her eyes, and the leader's task was to determine what the preschooler's gaze stopped at. The number of successful attempts to initiate joint attention was recorded. Thus, in these experimental conditions, the following was recorded: sensitivity to the direction of the partner's gaze, intentionality detector, responding to getting joint attention, and initiating joint attention.
During the experiment, the eye movement detection method was used using the Pupil Headset portable tracker -PLabs -eye tracker in the form of glasses (binocular performance).
Results
According to the results of the study, heat maps were built, and tracking strategies and scanning routes of objects perceived in a situation of joint attention in typically developing children and children with different forms of atypical development were analyzed (Figure 1 ). On the cards, differences are recorded in the following: (1) the preferred content (subject) of perception in episodes of joint attention; (2) a way of establishing joint attention; (3) the area of interest of typically developing children and children with different forms of atypical development; 4) changing the tracking path of the partner's gaze; 5) the atypical gaze orientation and the dynamics of the operational field of vision of typically developing children and children with atypical development in a situation of joint attention; 6) the accuracy of fixing the elements of the object with a deficit of joint attention.
The following is visualized on heat cards: critical attention shifts, attention focus changes, gaze translation, recognition of eyes as an informative sign, and perception of the partner's gaze direction in episodes of joint attention in typically developing preschool children and children with different forms of atypical development.
Discussion
The initial analysis of the tracking strategy and scanning routes of objects perceived in a situation of joint attention in the typically developing children and the children with different forms of atypical development allows us to conclude that there are universal and specific, for a particular clinical group, manifestations of disorders in the joint attention mechanism.
It has been found that diagnostic markers of joint attention disorders include the following: the difficulty in following the partner's look; anticipatory actions, decision making and response by the method of "guessing" or "trial and error"; the predominance of orientation to the object, and not to the interaction partner (as a result, violation of triadic relations); the dispersion of fixations and zones of interest; difficulties in general visual attention; searching for additional information; using of additional multimodal means of establishing joint attention (turning the head, gestures, speech, etc.); the decreasing of fixing the elements of the object with a deficit of joint attention; the decreasing motivation to participate in joint attention (with different forms of atypical behavior, the child does not track the result, is not interested in the partner's reaction, does not seek additional means to initiate joint attention and maintain the partner's attention focus).
At this stage, we can assume that the specifics of the joint attention deficit will manifest itself in violations of the following individual components of joint attention: following the gaze of the communication partner, fixing on the object, preference is given to neutral incentives, rather than social.
Conclusion
Due to the eye-tracking method, the methodological possibilities of measuring episodes of joint attention in real-time of social interaction through tracking eye movements are expanded. The methodological tools of interactive methods for registering eyes in episodes of joint attention were tested.
It is supposed to establish the possibility of modeling empirical markers of joint attention in the conditions of joint activity as experimental conditions. Using the eye-tracking method, markers of joint attention deficit manifested through the oculomotor activity will be highlighted.
The normative and pathological social symptoms of initiating joint attention, initiating behavioral requests, responding to joint attention are systematized in preschoolers.
In a sample of children with different forms of developmental retardation, the following potential mechanisms underlying the atypical joint attention were identified: the atypical gaze following, the impaired integration of joint attention, the decreased recognition of orienting values of gaze, and changes in the temporal characteristics of episodes of joint attention.
